Abstract. Total gamma absorption cross sections are the most important data used in various fields related to the application of gamma rays. However, the measurements of the total gamma absorption cross section were difficult for high energy gamma rays since there were no suitable gamma ray sources. Recently, the nuclear photo-absorption measurement system using the laser-Compton backscattering (LCS) gamma rays and the high-resolution high-energy photon spectrometer (HHS) were developed. We have utilized the system to measure the total gamma absorption cross section, that is, the sum of the atomic and nuclear interactions. The total gamma absorption cross sections at 10 MeV for Al and Cu have been measured with the system. The preliminary results show that the obtained values agree fairly with the theoretical ones.
Introduction
Total gamma absorption cross sections are the most important data used in various fields related to the application of gamma rays. However, the measurements of the total gamma absorption cross section were difficult for high energy gamma rays since there were no suitable gamma ray sources. The gamma sources for such experiments in the past were neutron-capture gamma rays [1] and RI sources [2] ; it was difficult to tune the energy and intensity of the gamma rays. Recently, the nuclear photo-absorption measurement system using the laser-Compton backscattering (LCS) gamma rays and the high-resolution high-energy photon spectrometer (HHS) were developed [3] . The energy and intensity of LCS gamma rays are able to be tuned, and the LCS beam be sharply collimated. Therefore, it is expected to be a powerful a F. Kitatani, e-mail: kitatani.fumito@jaea.go.jp b Present address: University of Tsukuba, Tsukuba 305-8577, Japan tool for the measurement of the total gamma absorption cross sections. The HHS, consisting a twin Ge detector and BGO (Bi 3 Ge 4 O 12 ) anti-coincidence shields, made a super high-resolution spectroscopy possible. In this study, the total gamma absorption cross sections of Al and Cu at 10 MeV were measured by using LCS gamma rays and the HHS.
Experiment
A LCS gamma ray is generated by the interaction between high energy electron and laser photon. In this study, LCS gamma rays are generated at the electron storage ring, TERAS in the National Institute of Advanced Industrial Science and Technology (AIST). The energy of electron was tuned at 542. LCS gamma rays was measured by the HHS. The HHS is a super high-resolution spectrometer consisting of a twin Ge detector and BGO anti-coincidence shields [4] . The experimental setup and the structure of the HHS are shown in figure 1 .
Total gamma absorption cross section is determined by the ratio of the intensity of the incident gamma ray to that of the attenuated gamma ray when the sample is put on the beam line. The measured samples are Al and Cu. The Al sample is made of aluminum material A1050P specified by JIS H4000. This purity is 99.53%. The size is 120 × 20 × 20 (mm) and the allowance is 0.1% or less. The Cu sample is made of copper material C1100 specified by JIS H3250. This purity is 99.96%. The size is 25 × 20 × 20 (mm) and the allowance is 0.1% or less. To deduce the energy distribution of the LCS photon beam, the observed pulse height spectra by the HHS were unfolded by using the response function of the HHS for monochromatic photons. The response functions were calculated by using EGS4 simulation code [5] . The LCS gamma ray spectrum measured with the HHS (×) and unfolded (•) spectrum are shown figure 2. The parameters of generated the LCS gamma ray were electron energy: 542.2 MeV, electron beam current: 26.0 mA, input laser power and frequency: 24 W and 20 kHz. 
Result
The total gamma absorption cross section, µ mass is calculated by equation (1),
where I 0 is incident intensity, I attenuated intensity, ρ density (g/cm 3 ), and T thickness (cm). Figure 3 shows the energy distributions for the cases of an Al and a Cu, sample (×) and blank (•).
The incident photon intensity, I 0 , is obtained from the HHS spectrum of a blank in beam line and the attenuated photon intensity, I, is obtained from the HHS spectrum of the sample in beam line. However, these are not able to be measured at the same time. Therefore, the measurements with a sample and without sample (blank) were repeated alternately during the same measurement period. I 0 and I at same time were determined by interpolation. The change of the measured gamma ray intensity as a function of time is shown in figure 4 (a-d) . The results are shown for each sample in both case of the width of energy 100 keV and 200 keV. In all the measurements, the measurement time is 15 min and the interval time is 2 min.
The calculated results of the total gamma absorption cross sections are shown in table 1.
The results on Al agree with the theoretical value (0.0232 g/cm 2 ) [6] within the limits of error. The results on Cu are about 3% smaller than the theoretical value (0.0310 g/cm 2 ) [6] . The detailed examination on systematic errors will be done in near future.
Conclusion
Total gamma absorption cross sections, the most important data used in various fields related to the application of gamma rays, nuclear data, radiation shield, etc., were measured by the method using LCS gamma rays and the HHS of Al and Cu at the vicinity of 10 MeV. Results for both samples agree well with the theoretical values. The effectiveness of the measurement method using the LCS gamma rays and the HHS were demonstrated for the total gamma absorption cross sections. It is scheduled that detailed examination of the systematic error analysis will be done, and a systematic measurement will be executed on the total gamma absorption cross sections in the future. Next, the total gamma absorption cross sections obtained by taking the average of the results at each measurements are shown in table 2. The errors include only statistical ones.
